464                  ...  THE   CONTROLLED   CHANGES
apart do not produce a distinguishable beat tone and therefore
cannot be discordant when sounded together.
When a sound-analyzing instrument, perhaps Professor D. C.
Miller's phonodeik, is used to secure a photographic trace showing
the wave motion which results when two sounds are combined,
the wavy curve is least complex when the two sounds are an octave
apart.
To round out a complete musical scale, twelve notes to an octave
have been agreed upon. The musical intervals between two notes
are, as we saw above, determined by the ratio of the frequencies.
For the least discordance, the fractions expressing the ratios should
be different in different parts of an octave, and no ratio should be
smaller than 16/15, or 1.0667. *n transposing from one key to an-
other, however, it is convenient to be able to begin an octave any-
where on the keyboard; hence the interval between one note and
the next has been made the same throughout the scale. The ratio
used is 1.0595. This makes octaves come out correctly, at exactly
2 to i; but sacrifices harmony elsewhere to a slight extent. The
result is the equally tempered scale. Standard A is fixed at 440
vibrations per second, and the seven other A's are obtained by mul-
tiplying, or dividing, by two, until the values from 27,5 to 3520
have been established. To fill out the octave between two A's,
multiply successively by 1.0595.
We have merely grazed the surface of this fascinating field, but
surely even these few facts reveal the marvelous (though uncon-
scious) mathematical discrimination of the trained ear.
Sound Recording and Reproduction
In addition to communication that is as nearly immediate as
the speed of sound permits, there are delayed methods of communi-